Circulating Tumor Cells (CTCs) have emerged as a reliable source of tumor cells, and their concentration has prognostic implications. CTC capture offers real-time access to cancer tissue without the need of an invasive biopsy, while their phenotypic and molecular interrogation can provide insight into the biological changes of the tumor that occur during treatment. The majority of the CTC capture methods are based on EpCAM expression as surface marker of tumor-derived cells. However, EpCAM protein expression levels can be significantly down regulated during cancer progression as consequence of the process of epithelial to mesenchymal transition.
Introduction
Circulating tumor cells (CTCs) have emerged during the last decade as a viable and readily accessible alternative source of tumor cells in the form of "liquid biopsy", with numerous studies that report how CTCs can be successfully isolated from the peripheral blood of patients with advanced solid tumors using a variety of techniques [1] [2] [3] . The clinical relevance of CTC isolation lies in a real-time access to tissue putatively closely related to the disease state without subjecting the patient to a more invasive biopsy; furthermore, analyzing CTCs in real time can potentially elucidate the molecular and biological changes of the tumor that occur during treatment, perhaps providing insight into the onset of drug resistance 4 .
Although enormous efforts have been applied to improve the efficiency and the purity of CTC capture and identification, isolation of this rare population of tumor cells remains challenging. Existing technologies rely primarily on the use of EpCAM-based immunocapture, such as the FDA-approved CellSearch system (Veridex, Raritan, NJ, USA). Although this technique is able to detect and enumerate fixed CTCs from metastatic cancer patients [5] [6] [7] , viable CTCs are required for molecular and functional characterization of tumor cells. More importantly, tumor cells that gain access to the vascular system could undergo drastic molecular changes as a consequence of the process of epithelial to mesenchymal transition (EMT), causing the down regulation of several epithelial markers 8, 9 . Thus, EpCAM protein levels can be significantly reduced during EMT process, limiting the effectiveness of EpCAM-dependent approach for CTC capture. Several non-EpCAM based alternative strategies have been developed and proven to be effective in isolation and molecular characterization of CTCs from the peripheral blood of metastatic cancer patients 10, 11 . We have recently developed a prostate cancer specific microfluidic device for CTC isolation that operates on the principle of geometrically enhanced differential immunocapture (GEDI), using anti prostate-specific-membrane antigen (PSMA) antibodycoated microposts in a geometry that generates cell-size-dependent collision and adhesion and shown that this innovative design achieved capture of viable CTCs using only 1 ml of blood with minimal leucocyte contamination 12, 13 . In addition, we showed that the PSMA-GEDI microdevice achieved capture of 10-400 higher CTC numbers compared to CellSearch, in a study of 30 patients using same-patient and same-day blood draw design. The higher CTC recovery of the PSMA-GEDI was attributed to both the enhanced geometry and microfluidic technology and to the very low levels of EpCAM staining of the captured CTCs.
Despite the success of the PSMA-GEDI device, the use of PSMA was applicable to prostate cancer patients only. To expand this technology to other solid tumor types and to avoid problems with low EpCAM expression on CTCs, we chose HER2 as a surface antigen to capture CTCs from additional tumor types.
HER2 is one of the most studied membrane markers in solid tumor cancer biology. HER2 is a ligand-less transmembrane receptor that belongs to the human epidermal growth factor receptor (HER) family 14 . HER2 heterodimerizes with other receptors of the HER family and amplifies the triggered intracellular signal networks that drive cell proliferation and tumor progression 15 . HER2 is expressed at high levels (3+ based on immunohistochemical assessment) in 25-30% of breast cancer patients while it is expressed to some degree (1+ to 3+) in more than 90% of breast cancer patients 16 . HER2-targeted clinical therapies, such as the anti-HER2 monoclonal antibody trastuzumab (Herceptin™) and the small molecule tyrosine kinase inhibitor lapatinib, show activity in HER2-overexpressing patients 17, 18 . The receptor is also biologically and therapeutically relevant in other tumor types such as gastric cancer, in which HER2 is expressed in 67% of the cases and overexpressed in 13%-30% of patients, depending on disease subtype 9, 19, 20 . Importantly, cell line and animal model studies have shown that HER2 protein expression is not affected by EMT in breast cancer cells 21 . Taken together, the broad expression of HER2 receptor in these two cancer types together with EpCAM's susceptibility to EMT prompted its use as the membrane target for CTCs selection and capture from peripheral blood in this study.
Here we report the development and the characterization of the anti-HER2 GEDI microfluidic device, and its performance and clinical application in breast and gastric cancer patients. Breast cancer cell lines MCF-7, T-47D, SK-BR-3, BT-474, MDA-MB-231, MDA-MB-468,  Hs 578T and BT-549 were purchased from the American Type Culture Collection (ATCC,  Manassass, VA) . These cell lines were selected as representative of the five clinically relevant intrinsic subtypes of breast cancer 22 . MCF-7, SK-BR-3, MDA-MB-231, MDA-MB-468 and Hs 578T cells were cultured using Dulbecco's modified Eagle Medium (DMEM) supplemented with 10% Fetal Bovine Serum (FBS) and 1% penicillin/ streptomycin antibiotic solution. BT-549 cells were cultured using RPMI 1640 media supplemented with 10% Fetal Bovine Serum and 1% penicillin/streptomycin antibiotic solution. BT-474 cells were cultured in DMEM HG supplemented with non-essential amino acids (NEAA), 10% fetal bovine serum and 1% penicillin/streptomycin antibiotic solution. Cells were grown at 37°C and 5% CO 2 . Primary antibodies for HER2 (clone 42 BD Biosciences, San Jose, CA, USA; clone SP3 and clone 9G6.10 Thermo Fisher Scientific, Lafayette, CO, USA), pan-cytokeratin (clone C-11 Biolegend, San Diego, CA, USA), tyrosinated tubulin (clone YL 1/2 Millipore, Billerica, MA, USA), CD-45-QD800 (clone H130 Invitrogen, Carlsbad, CA, USA) were purchased. AlexaFluor secondary antibodies for western blot, immunofluorescence and flow cytometry were obtained from Invitrogen, CF594 was obtained from Biotium. Pan-CK antibody was conjugated to secondary CF594 using the Mix-n-Stain kit (Biotium) according to the manufacturer's instructions. Calcein green and calcein red (Invitrogen, Carlsbad, CA, USA) were used.
Materials and Methods

Reagents
Immunoblotting
Cells were collected and lysed in lysis buffer (50 mM Tris pH 7.5, 100 mM NaCl, 2 mM EDTA, 1% NP-40) supplemented with 7× protease inhibitors cocktail (Roche Diagnostics, Pleasanton, CA, USA). Cell lysates were resuspended in Laemmli buffer and 50 μg of protein were separated via electrophoresis; proteins were transferred onto polyvinylidenedifluoride and blocked in 5% milk. Data were acquired using Odyssey Imaging System from LICOR Biosciences (Lincoln, NE, USA) and densitometry was performed with ImageJ software (National Institute of Health, Bethesda, MD, USA).
Immunofluorescence
For fixed-sample immunofluorescence, cells were plated on 1.5 mm coverslips (Electron Microscopy Services, Hatfields, PA, USA); cells were fixed with Phemo buffer (68mM PIPES, 25mM HEPES, 15mM EGTA, 3mM MgCl 2 , 10% DMSO) supplemented with 3.7% Formaldehyde, 0.05% Glutaraldehyde and 0.5% Triton X-100 and blocked with 10% Normal Goat Serum (Jackson ImmunoResearch, PA, USA).
For live cell immunofluorescence, cells were plated on Lab-Tek II chambered coverglass (Lab-Tek, Rochester, NY, USA) and incubated with primary and secondary antibodies without prior fixation or permeabilization; this preserved the native tertiary conformation of the antigen as it is present on the surface of living cells. For CTC identification on the GEDI chip, captured cells were fixed with 2% Formaldehyde + 50% Phem buffer (60 mM PIPES, 25 mM HEPES, 10 mM EGTA, 2 mM MgCl 2 ), permeabilized with 0.25% Triton X-100 solution and blocked with 6% Bovine Serum Albumin (BSA) + 10% Normal Goat Serum (NGS). Cells were then stained with the following antibodies: anti-pan-CK directly conjugated with CF594, anti-tyrosinated-α-tubulin followed by anti-rat Alexa 488, anti-CD45 directly conjugated with QD800 and anti-HER2 (clone 9G6.10) followed by anti mouse 647. DNA was counterstained with DAPI. Images were acquired with Zeiss LSM 700 confocal microscope under a 63×/1.4NA objective (Zeiss, Germany). For live cell immunofluorescence, cells were imaged with an Axiovision 200 epifluorescent microscope (Zeiss, Germany).
Flow Cytometry
Live breast cancer cells were collected and incubated with anti-HER2 clone 9G6.10 primary antibody for 1 h at 4°C; Data were acquired with LSR II system (BD Biosciences, San Jose, CA, USA) and results were analyzed with FlowJo flow cytometry analysis software (TreeStar, Ashland, OR, USA).
Adsorption assay
To quantify biotinylated antibody adhesion to and saturation on the surface an immunofluorescence assay was performed. A series of solutions with different 9G6.10 antibody concentrations (0.3-100 μg/mL) were prepared via serial dilution. 100 microliters of each dilution was incubated on wells of a NeutrAvidin-coated 96-well plate (Thermo Scientific, Rockford, IL, USA) for 1 h. Following incubation, all wells were washed with PBS and subsequently incubated with a 1% (m/v) BSA in PBS solution as a blocking buffer. The blocking buffer was removed and the wells were washed with PBS. Finally, a fluorophore-conjugated murine secondary antibody in PBS was incubated in the antibodyconjugated wells for 1 h. After incubation, all wells were washed with PBS and read by a plate reader.
Microfluidic Device and cell capture
All device fabrication, preparation and functionalization were carried out as previously described 13 . The 9G6.10 monoclonal antibody was biotinylated (EZ-Link NHS-LC-LCBiotin, Thermo Fisher Scientific, Lafayette, CO, USA) and immobilized on the device surfaces using MPTMS/GMBS/NeutrAvidin-biotin chemistry. Briefly, polydimethylsiloxane (PDMS) sheet was clamped to the top of the device with a custom jig to create closed channels populated with post arrays. Inlet and outlet holes were created with a biopsy punch, and 23-gauge metal tubes were inserted into the PDMS to connect inlet and outlets to external tubing. Devices were primed with a 50/50 ethanol/water mixture, and then flushed with DI water and 1% Bovine Serum Albumin before experiments; 1 ml of blood from each sample was flowed through the microfluidic device at 1ml/h rate. For capture efficiency tests, between 200 and 500 breast cancer cells were stained with calcein, according to manufacturer direction and were spiked in 1 ml of healthy donor blood. For CTC capture, 1 ml of peripheral blood was processed through each GEDI microfluidic device; the isolated cells were fixed and stained for cytokeratin, CD-45, HER2, tyrosinated tubulin and DAPI as described above. The device was subsequently mounted on a coverglass (VWR, Radnor, PA, USA) and analyzed under the microscope. Each post within the entire functional area of the microfluidic device was manually visualized throughout the z-axes and CTCs were defined as DAPI + /Cytokeratin + /CD-45 -events. 
Blood sample collection
Results and Discussion
Our first effort focused on the identification of a suitable monoclonal antibody to use to functionalize our microfluidic device; fundamental features of a CTC-capturing candidate antibody are mainly represented by high binding affinity and specificity for the extracellular domain of the selected plasma membrane protein, so that CTC capture can be achieved even in low-expressing cells while avoiding capture of non-HER2-expressing leucocytes.
Initial screening of several commercially available anti-HER2 antibodies allowed us to narrow down to three different anti-HER2 clones that exhibited high sensitivity and specificity. We tested the performance of these antibodies in a panel of nine breast cancer cell lines representative of the five clinically relevant molecular breast cancer subtypes (luminal A and B, HER2-amplified, basal and normal like; Table 1) .
Antibody performance was first tested by immunoblotting ( Figure 1A ). Clone 42 recognized HER2 protein expression in six of the nine total cell lines in our panel including not only HER2 overexpressing cell lines (SK-BR-3), but also luminal-like cells (BT-474), basal-like and normal like breast cancer cells (HCC1937, MDA-MB-231, Hs 578T, BT-549). Clones SP3 and 9G6.10 proved less proficient, with clone SP3 able to recognize the antigen only in high HER2-expressing cells (SK-BR-3 and BT-474) while clone 9G6.10 detected only one of the two HER2-overexpressing cell lines (BT-474) with dim staining in a few of the others. Based on this initial assessment, clone 42 appeared to provide the best signal in the majority of cell lines, which was corroborated by subsequent immunofluorescence evaluation in a subset of cell lines ( Figure 1B) .
To test the ability of clone 42 to bind to the native conformation of HER2 antigen present on the surface of live breast cancer cells we performed a live-cell incubation experiment using glass cover slips functionalized with biotinylated clone 42 antibody and assessed retention of HER2-expressing cells following incubation and washout. Our results showed poor cell retention (data not shown) which led us hypothesize that likely clone 42 does not recognize the native conformation of HER2 in living cells.
Since recognition of the native antigen conformation is a critical requirement for CTC capture we next tested the performance of anti-HER2 antibodies using live cell microscopy ( Figure 1C ). We used breast cancer cell lines with high and low levels of HER2 protein (SK-BR-3 and MCF-7, respectively) and incubated them with the primary antibodies without any prior process of fixation to preserve the structure of the receptor. Surprisingly, only clone 9G6.10 was able to recognize efficiently HER2 antigen in its native conformation; conversely, clone 42, which performed well with western blot and fixed cell immunofluorescence, lost its efficiency to bind HER2.
To further quantitate the sensitivity and specificity of clone 9G6.10 to recognize HER2 in live cells we used flow cytometry in the panel of the nine breast cancer cell lines as well as peripheral blood mononucleated cells (PBMCs) isolated from healthy donors. Clone 9G6.10 proved to recognize a wide range of HER2 expression across the five different breast cancer subtypes ( Figure 2A, B) ; it detected HER2 protein not only in HER2 overexpressing breast cancer lines (SK-BR-3, BT-474), but also in breast cancer cells characterized by intermediate or low protein levels (MCF-7, T-47D, MDA-MB-231 and HCC 1937). The purity of the cell population captured on a microfluidic device is critical when the target population is as rare as CTCs in the peripheral blood; to keep a high purity of the isolated cells, a key feature is represented by the specificity of the surface marker chosen to identify the CTCs and of the corresponding antibody. Clone 9G6.10 showed high specificity for epithelial cells as it failed to detect any HER2 expression on PBMCs. Quantitation of the mean fluorescence intensity normalized to matching IgG showed that the signal detected in PBMCs was lower that that of the HER2-negative cell line MDA-MB-468 ( Figure 2B ).
These results suggest a minimal nonspecific binding of HER2-negative cells from clone 9G6.10 and underline the specificity of clone 9G6.10 in identifying a HER2-positive cell population in the blood, reducing the likelihood of potential leukocyte contamination on an anti-HER2 9G6.10-coated microfluidic device.
In order to establish the concentration of antibody solution to optimally functionalize the surface of our microfluidic device, we performed an immunofluorescence-based adsorption assay using solutions of biotinylated 9G6.10 antibody with concentrations ranging from 0.3 μg/ml to 100 μg/ml. Antibody-binding levels were measured by quantifying fluorescence from a secondary antibody incubated with the functionalized surface. As shown in Figure 3 , results indicated that the saturation on the surface occurred at a biotinylated antibody concentration of 10 μg/ml, suggesting that this concentration is optimal for GEDI chip surface functionalization for cell capture experiments. The concentration of 10 µg/ml of biotinylated antibody is similar to what was shown in our previous work, which described the optimization of anti-PSMA antibody concentration for the functionalization of the active area of the prostate cancer specific GEDI device 23 . The antibody concentration is also comparable to what was used to functionalize other microfluidic devices described in the literature characterized by similar design and biochemical properties 2 .
In order to define HER2-based GEDI capture performance, we conducted cell capture efficiency tests with breast cancer cells expressing different levels of HER2 protein (SK-BR-3, high; MCF-7, intermediate; and MDA-MB-468, negative). Cells were fluorescently prelabeled with calcein green or red, counted and spiked in 1 ml of peripheral blood of healthy donor at a concentration of ∼200-500 cells/ml. Cell suspensions were then processed through the HER2-based GEDI microfluidic device at 1ml/h flow rate. Captured cells were fixed on the microfluidic device and were subjected to microscopy enumeration based on calcein and DAPI (nuclear stain) positivity. HER2-based GEDI chip capture efficiency ranged from 78% for high HER2-expressing breast cancer cells to 26% for low HER2-expressing breast cancer cells (Figure 4 ). In particular, capture efficiency was significantly higher for both HER2 high-and low-expressing cells than for HER2-negative cells. These results support our initial hypothesis that HER2 can be used to capture CTCs from patients that not only cells overexpress the receptor but also from patients that express moderate to low levels of HER2.
Following capture efficiency validation in cell lines, we tested the performance of our HER2-GEDI chip using peripheral blood from metastatic breast cancer or metastatic gastric cancer patients. We analyzed a total of nine blood samples obtained from five breast cancer patients, and from two gastric cancer patients with samples collected before treatment and on chemotherapy treatment for a total of four samples (for patient characteristics see Table  2 ). Blood samples from healthy donors (n=3) were also collected as negative control. One ml of each blood specimen was processed through the HER2-functionalized microfluidic device and, following capture, cells were fixed and stained (see materials and methods). The GEDI chips were analyzed using a confocal microscope and high-resolution images were acquired using a 63×/1.4NA objective. CTCs were identified as DAPI + /Cytokeratin + / CD-45 -cells. CTCs were found in 9/9 (100%) of the cancer samples ( Figure 5 ). Of the seven patients, five of them had confirmed HER2-positive status as assessed in the primary tumor by means of immunohistochemistry and pathological evaluation and/or HER2 gene amplification ( Table 2 ). The number of CTCs captured for each blood sample ranged from 37 to 224 (mean 94 CTCs/ml). In particular, CTCs number ranged from 31 to 115 (mean 74 CTCs/ml) in breast cancer patients and from 33 to 224 (mean 120 CTCs/ml) in gastric cancer patients. DAPI + /Cytokeratin + /CD-45 -cells were also found in healthy donor but at a lower extent (Figure 5A ; p<0.01). Importantly, CTCs captured from HER2-positive and HER2-negative patients showed a wide range of HER2 expression ( Figure 5C ), suggesting that this device can be used clinically to quantify HER2 protein expression on patient CTCs and correlate with clinical response to HER2-targeted therapies. The sensitivity of our assay in quantifying HER2 expression on GEDI captured cells was further confirmed by a cell spiking experiment using established cell lines with high to low HER2 expression (Supplementary Figure 1) . These results show that the HER2-based GEDI microfluidic device is able to selectively capture CTCs from breast and gastric cancer patients using just one ml of peripheral blood and that this device can be used in the context of a larger clinical study of patients with HER2-expressing cancer.
Conclusions
CTCs have emerged as a readily accessible source of tumor cells and the downstream molecular analysis of this source of tumor cells has opened an exciting new field of investigation in cancer research. The currently FDA-approved methodology for the isolation of CTCs (CellSearch) relies on an EpCAM-dependent capture, as this antigen is expressed primarily on the surface of cells of epithelial origin. Using this technique investigators were able to show CTC capture in 41-70% of metastatic breast cancer patients and CTC counts assessed by CellSearch were shown to correlate with disease progression in metastatic breast cancer patients receiving chemotherapy or endocrine therapy 24 .
However, in order to get access to the bloodstream and potentially migrate to new sites of metastasis, cancer cells undergo several molecular changes, known as epithelial-tomesenchymal transition (EMT), characterized by the down regulation of most of their epithelial markers and the acquisition of a less differentiated phenotype compared to the original primary tumor. It has been shown how EpCAM protein expression is down regulated as a consequence of the EMT process 8, 25 , making alternative markers important for capturing CTCs from metastatic cancer patients.
Here, we describe a HER2-based microfluidic device to capture circulating tumor cells from the peripheral blood of breast cancer and gastric cancer patients. We proposed HER2 as an antigen alternative to EpCAM-based capture, as HER2 is expressed in ∼ 90% of breast tumors and more than 65% of gastric cancer patients. Using the HER2-GEDI device we were able to capture CTCs from 100% of the metastatic breast (n=5) and gastric patient samples (n=4), with a mean of 94 CTCs/ml of blood, and there was minimal CTC false negative capture in healthy donor blood (mean=5).
In this study we did not directly compare CTC capture between the HER2-GEDI and the and the FDA-cleared CellSearch, as we have previously shown significantly higher CTC capture in prostate cancer patients, partially attributed to low EpCAM expression, and based on the results of the CellSearch clinical study showing CTC-detection (> 5 CTC/7.5 ml of blood) in only 49% of the breast cancer patients analyzed 1 .
The mean CTC detection rate per ml of our microfluidic device in cancer patients is comparable or even superior to what already reported in the literature by other authors using microfluidic devices. Nagrath et al. reported a mean CTC detection rate of 79 CTC/ml in breast cancer patient using their EpCAM-based chip 2 ; however, the authors did not describe extensively the clinical characteristics of the analyzed patients population and, consequently, it is not possible to evaluate the performance across the different clinical breast cancer subtypes. Yu et al tested their herringbone CTC-chip coated with a anti-EpCAM/HER2/ EGFR antibody cocktail and CTCs were isolated only from 17 out of 41 (41%) patients analyzed with a mean of 38 captured CTCs/3 ml using their innovative RNA in situ hybridization (RNA-ISH) based staining 4 . This value is lower compared to what we demonstrated for our HER2-based GEDI chip and a possible explanation could rely on a potential interference of the three antibodies against each other in CTC capture.
Circulating tumor cells were detected not only in HER2 high-expressing breast cancer patients (BC patient 1, 3 and 5 and GC patient 2) but also in HER2 low-expressing breast cancer patients (BC patient 4) ( Figure 5 and Table 2 ). The small number of patients analyzed here precludes firm conclusions regarding the correlation between the number of captured CTCs and HER2 positivity of the patients' primary tumors. Interestingly, CTC capture was observed in the triple negative breast cancer patient (BC patient 2) and the HER2 negative gastric cancer (GC patient 1). Importantly, in both gastric cancer patients, CTC counts before and during taxane chemotherapy (cabazitaxel 25 mg/m 2 ) revealed a trend with the patients' clinical response to therapy. Specifically, GC patient 2 showed radiographic response to therapy, assessed by CT scan to quantify tumor burden, which was accompanied by a sharp decrease in CTC counts (from 224 to 37). In contract, GC patient 1, who did not benefit from cabazitaxel therapy, experienced radiographic disease progression with no significant change in CTC counts ( Figure 5B ).
In the case of GC patient 1, HER2 status was assessed on the tumor biopsy within 6 months of our CTC evaluation. The tumor was deemed HER2-negative, and the patient was ineligible for HER-targeted therapies. Our CTC results contradict the tumor evaluation and suggest that perhaps CTCs can be a better descriptor of the overall tumor burden as opposed to the tissue biopsy, which reflects only one of the metastatic sites and cannot capture tumor heterogeneity. In addition, our analyses revealed variable HER2 expression on CTCs suggesting that the HER2-GEDI chip and the accompanying CTC characterization can be used in the context of future clinical trials correlating HER2 expression on CTCs with clinical response to targeted therapies. Moreover, several groups have reported discordance between HER2 status of the primary site and CTCs in metastatic breast cancer 26 . Our results are thus, in line with data reported in the literature and highlight the potential importance of HER2 analysis on CTCs as prognostic and predictive marker, in particular in those patients undergoing anti-HER2 treatment.
Other HER2-based devices have been described in the literature with the intent to isolate CTCs from peripheral blood of breast cancer patients. Several groups have reported the potential application of the anti-HER2 monoclonal antibody trastuzumab (Herceptin™) to isolate rare populations of breast cancer cells. Thierry et al. tested a PDMS microfluidic device coated with trastuzumab and the device proved effective when tested with HER2 overexpressing cell line (SK-BR3); however, this device was not tested with breast cancer patient samples therefore, its clinical application for CTC capture was not directly exploited 27 . Similarly, Mi et al. have developed trastuzumab-coated nanoparticles able to bind and recognize HER2 overexpressing cells and proposed this strategy as suitable for CTCs isolation; however, even in this case, there were no data regarding CTC capture in breast cancer patients 28 .
A recent report showed CTC capture from the blood of metastatic breast cancer patients using a combination of EpCAM, HER2 and EGFR antibodies 4, 29 . However, the performance of each antibody individually in patient samples has not been assessed, therefore the benefit of having three versus one antibody for capture was not clinically tested. Moreover, the method reported by Pecot et al. requires extensive peripheral blood manipulation before CTC isolation leading potentially to a significant loss of rare cell population like CTCs.
Our HER2-based GEDI microfluidic device does not require any blood processing as peripheral blood is directly analyzed through the device, thus minimizing potential CTC loss. In addition, our device utilizes only 1 ml of patient blood for CTC isolation -this volume is significantly lower than the blood volume required for other methods, such as 7.5 ml of blood for CellSearch or 10 ml of blood for MagSweeper-and as such it is much easier to incorporate into clinical trials.
We are currently testing the potential clinical application and usefulness of the HER2-GEDI microfluidic device in a large cohort of patients in the context of two clinical trials of patients with metastatic breast cancer or metastatic gastric cancer receiving chemotherapy containing a microtubule-targeting drug. We plan to monitor patient response to therapy in real-time and develop CTC-based biomarkers predictive of response.
Supplementary Material
Refer to Web version on PubMed Central for supplementary material. HER2 GEDI chip capture efficiency. Breast cancer cell lines with different HER2 protein expression levels were spiked into healthy donor blood, processed through the device and enumerated. Capture efficiency was calculated as the ratio of the number of captured cells over the number of spiked cells and displayed as a percentage (SD showed as error bar. *** p < 0.001; * p < 0.05). HER2-GEDI CTC capture from metastatic breast cancer and gastric cancer patients. A. Disease-specific HER2-GEDI capture of CTCs. CTC enumeration (CTCs/ml) was performed using blood from healthy donors (median = 5) and breast or gastric cancer patients (median = 94). ** p < 0.01 B. CTC enumeration (CTCs/ml) was performed using blood from breast and gastric cancer patients BC: Breast Cancer; GC: Gastric Cancer. C. Representative images of gastric cancer CTCs captured on the HER2 GEDI chip and stained for the selected panel of molecular markers. CTCs (DAPI + , Cytokeratin + , CD45 -); leukocytes (DAPI + , Cytokeratin -, CD45 + ). HER2 staining reflects a wide range of HER2 expression on the captured CTCs. Leukocytes are also shown for comparison. Scale bar: 5 µm. Table 2 Patients' clinical characteristics. IHC, immunohistochemistry; ER, estrogen receptor; PgR, progesterone receptor; N/A, not available. 
